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Purpose: The purpose of this study was to identify the distribution of venous reflux in 
patients with different grades of chronic venous insufficiency (CVI) and correlate the 
different patterns of reflux with each class. 
Methods: Color-flow duplex imaging was used to evaluate the entire venous ystem from 
groin to ankle in 465 patients (594 limbs) belonging to different clinical CVI classes (0, 
1, 2, and 3). A history of previous uperficial thrombophlebitis was present in five limbs 
and past deep vein thrombosis in 70. 
Results: One hundred seventy eight (30%) limbs were normal and the remaining 416 
(70%) had venous incompetence. Deep reflux was present exclusively in 19 limbs (3.2%), 
and the perforating system alone was involved in only three limbs (0.5%). However, 
isolated superficial incompetence was seen in 186 limbs (31.3%) and a combination of 
superficial with perforating system alone was involved in 45 (7.6%). Incompetence in all 
three systems was seen in 99 extremities (16.7%). In addition, the superficial system was 
involved in 390 limbs, the perforators in 151, and the deep system in 178 limbs. Only a 
small percentage of those in class 0 had reflux, and most of them had a single site of 
incompetence. In class 1 the majority of the limbs had superficial reflux (90.3%), 10.3% 
of the limbs had deep venous reflux, and 6.9% were competent. Reflux in the superficial 
system only was seen in 80.7% of the limbs in class i and in one fifth of the limbs in classes 
2 and 3. Isolated deep or perforator incompetence was rare in all classes. Variable 
combined patterns of reflux were seen more often in classes 2 and 3 (p < 0.0001). In 
classes 2 and 3 there were no differences in the number of incompetent sites in the 
superficial and deep venous ystems or the patterns of reflux (p > 0.1). The number of 
incompetent perforators inclass 3 tended to be higher than that in class 2, especially in the 
below-knee segment, but no significant differences were seen. Distal reflux was present in 
the majority of the limbs in all symptomatic classes (1, 2, and 3). 
Conclusions: The distribution and extent of reflux is strongly associated with clinical 
severity of CVI through class 2. Distal venous reflux is present in at least 80% of the 
symptomatic limbs. Deep venous thrombosis may not be a prerequisite for the 
development of skin changes or ulceration in about 75% of the limbs. Superficial venous 
surgery could be beneficial to at least one third of patients with skin changes or ulceration. 
(J VAse SURa 1996;23:504-10.) 
The clinical signs and symptoms een in chronic 
venous insufficiency (CVI) have been attributed to 
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venous hypertension. 1-4Venous outflow obstruction 
and venous reflux play a major role in the develop- 
ment of venous hypertension, s-8Calf muscle pump 
dysfunction and arteriovenous fi tulas also have some 
contribution. 9,1~ 
The symptoms and signs in CVI as seen by clinical 
examination have been used to classify the severity of  
the disease.n It has been shown that hemodynamic 
venous deterioration parallels clinical severitySa2aa; 
however, no hemodynamic differences were found 
between classes 2 and 3.14 The hemodynamic tests 
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Table I. Patient demographic data and history of thrombosis 
CVI class No. patients No. limbs No. M/F limbs Mean age (yr) Age range (yr) SVT DVT 
0 87 174 64/110 32.2 22-58 0 0 
1 131 145 56/89 47.5 17-65 0 3 
2 139 155 64/91 53.8 24-83 2 29 
3 108 120 57/63 55.7 26-79 3 38 
Total 465 594 241/353 - - 5 70 
M/F, Male/female; SVT, superficial vein thrombosis. 
Table II. Overall incidence of reflux in the superficial, perforating, and deep venous ystems 
Superficial Perforators Deep 
C VI class No. of limbs n % n % n % 
0 174 13 7 0 4 2 
1 145 131 90 3 2 15 10 
2 155 138 89 75 48 93 60 
3 120 108 90 73 61 70 58 
Total 594 390 66 151 25 182 31 
and especially the ambulatory venous pressure, 
which is the accepted gold standard to assess the 
severity of the disease, ~5q8 cannot provide infor- 
mation on the precise location of the hemodynamic 
abnormality. Recently, with the development of 
duplex ultrasonography, it is possible to detect and 
measure reflux in anatomically identified veins) 9,2~ 
This method, which is noninvasive and can be 
repeated as many times as required, is considered 
to be the method of choice for the diagnosis of 
venous refluxY -2s In the last few years color-flow 
duplex imaging (CFDI), which combines B-mode 
imaging with color and Doppler ultrasonography, 
has been used in the assessment of these pa- 
tients. ~,26.27 
A number of investigators have studied the 
distribution of valvular incompetence in patients 
with skin changes and ulceration2"8"28-a2; however, the 
distribution of reflux in normal limbs and patients 
with all classes of CVI with duplex ultrasonography 
has only partially been addressed.a3"34 The aim of this 
study was to find out the distribution of reflux in 
patients with different classes (0, 1, 2, and 3) of CVI 
and correlate the different patterns of reflux with each 
class. 
MATERIAL AND METHODS 
Five hundred ninety-four limbs in 465 patients 
were examined with CFDI. Patients were divided 
into four different groups according to their clinical 
presentation, as has been described by the Ad Hoc 
Committee For Reporting Standards of the Society 
for Vascular Surgery and the North American 
Chapter of the International Cardiovascular Soci- 
ety. n The details of each group of patients are seen in 
Table I. All the extremities in class 0 were from 
symptom-free normal volunteers. Asymptomatic 
limbs with previous uperficial or deep vein throm- 
bosis (DVT) were excluded from the study. In the 
rest of the groups, five patients had a previous 
superficial vein thrombosis and 63 patients (70 
limbs) had a past DVT. Patients who had undergone 
previous venous surgery or injection sclerotherapy 
were not included in the study. 
The entire lower-limb venous system was ex- 
amined in all patients from groin to ankle with 
CFDI (Ultramark 9; ATL, Bothel, Wash.), accord- 
ing to a previously described techniqueP ~ Venous 
investigation i cluded the saphenofemoral junction 
and the common femoral, superficial femoral, 
popliteal, anteroposterior tibial, peroneal, gastroc- 
nemial, and long and short saphenous veins. Trans- 
verse and oblique scanning was used for evaluating 
the perforating veins. Their valvular integrity was 
determined by distal compression of the limb. 
Because bidirectional flow is often seen in these 
veins, reflux was considered positive when net flow 
direction was toward the superficial system. The 
time taken for a normal venous valve to close is 
about 1/2 second2~; reflux was taken to be present 
only if the duration on Doppler tracings was more 
than 1 second. 
Reflux in any vein above the popliteal crease was 
considered proximal or above knee, and reflux in any 
vein below the popliteal crease was considered istal 
or below knee. 
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Table III. Distribution of reflux in all four CVI classes 
CVI class (n/%) 
Sites of reflux 0 i 2 3 Total 
S 12/6.9 117/80.7 35/22.6 22/18.3 186/31.3 
P 0 0 2/1.3 1/0.8 3/0.5 
D 3/1.7 4/2.8 7/4.5 5/4.2 19/3.2 
S + P 0 3/2 19/12.3 23/19.2 45/7.6 
S + D 1/0.6 11/7.6 32/20.6 16/13.3 60/10.1 
P + D 0 0 2/1.3 2/1.7 4/0.6 
S + P + D 0 0 52/33.5 47/39.2 99/16.7 
Normal 158/90.8 10/6.9 6/3.9 4/3.3 178/30 
Total 174 145 155 120 594 
S, Superficial; P, perforator; D, deep. 
Table IV. Distribution and extent of reflux in the superficial system 
CVI class (n/%) 
Extent of reflux 0 1 2 3 Total 
LSVak 3/23.1 26/19.8 19/13.8 11/10.2 59/15.1 
LSVbk 5/38.4 28/21.4 29/21 22/20.3 84/2 I. 5 
LSVak + LSVbk 2/15.4 34/25.9 42/30.4 37/34.3 115/29.5 
SSV 3/23.1 22/16.8 21/15.2 16/14.8 62/15.9 
SSV + LSVak 0 2/1.5 2/1.5 3/2.8 7/1.8 
SSV + LSVbk 0 6/4.6 9/6.5 6/5.6 21/5.4 
SSV + LSVak + LSVbk 0 13/10 16/11.6 13/12 42/10.8 
Total 13 131 138 108 390 
LSVak, Above-knee s gment of long saphenous vein; LSVbk, below-knee s gment of long saphenous vein; SSV, short saphenous vein. 
RESULTS 
The overall contribution of the superficial, perfo- 
rating, and deep venous reflux in all groups of 
patients i seen in Table II. In all groups of patients, 
reflux was more frequent in the superficial system 
(390/594; 66%). Reflux in the perforating and deep 
venous ystem was present mainly in classes 2 and 3. 
The distribution of valvular incompetence is seen in 
Table III. Four hundred sixteen limbs (70%) had 
reflux and in the remaining 178 limbs (30%) reflux 
was absent. Reflux in the superficial system alone was 
seen in 31.3% of the limbs (186/594), whereas reflux 
in the deep (3.2%) or perforator veins only (0.5%) 
was rare. Combined patterns of reflux (S + P, 
S+D,P+D,  andS +P +D)  were seen only in 
classes 2and 3, but there was no significant difference 
between these classes in either the number of the 
incompetent sites or the patterns of incompetence 
(p > 0.3). 
The distribution of reflux in the superficial system 
is seen in Table IV. Reflux in both the above- and 
below-knee segments of the long saphenous vein was 
the most common type of incompetence. Long 
saphenous vein reflux (328/390) (84%) was more 
frequent than short saphenous vein reflux (132/390) 
(33.8%). The presence of distal reflux (below knee) 
was seen in the majority of the limbs in all classes 
(331/390; 84.9%). The distribution of reflux in the 
deep venous system is seen in Table V. Also, here 
distal reflux (popliteal and calf veins) was the most 
common type (169/219; 77%). Deep venous insuf- 
ficiency in classes 2 and 3 was evenly distributed 
(60% and 58%, respectively) (p > 0.5), whereas in 
classes 0 and 1 was 2.3% and 10.3% (p < 0.01). 
The number of perforating veins in the above- 
and below-knee segments i  seen in Table VI. There 
was a total of 295 incompetent perforating veins in 
151 limbs, giving a mean of about wo per limb and 
ranging from 0 to 7. The number of perforating veins 
in the below-knee segment was at least wice as much 
as in the above-knee s gment. In classes 0and i there 
were only three perforating veins, whereas their 
number in class 3 tended to be higher than in class 2, 
but no significant differences were seen overall. This 
was also true for both the above-knee perforating 
veins (44 in class 2 over 49 in class 3) and the 
below-knee veins (91 in class 2 over 108 in class 3). 
All 70 limbs except for three with documented 
past DVT belonged to CVI classes 2 and 3. In 18 of 
these limbs (25.7%) there was residual obstruction, 
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Table V. Distribution of reflux in the major segments of the deep venous ystem 
CVIclass (n/%) 
Sites of reflux 0 1 2 3 Total 
CFV 1/25 3/17.6 17/15.6 11/12.3 32/14.6 
SFV 0 1/5.9 10/9.2 7/7.9 18/8.2 
POPV 0 5/29.4 34/31.2 32/35.9 71/32.4 
Calf veins 3/75 8/47.1 48/44 39/43.8 98/44.7 
Total 4 17 109 89 219 
CFV, Common femoral vein; SFV, superficial femoral vein; POPV, popliteal vein. 
Table VI. Distribution of reflux in limbs with incompetent perforator veins 
Mean no. of P per 
CVI class No. Pak No. Pbk Total no. No. of limbs limb Range of P 
0 0 0 0 0 0 0 
1 0 3 3 3 1 0-1 
2 44 91 135 75 1.8 1-6 
3 49 108 157 73 2.1 1-7 
Total 93 202 295 151 1.9 0-7 
Pak, Above-knee perforators; Pbk, below-knee perforators; P, pertbrators. 
of which five belonged to CVI class 2 and the 
remaining 13 to class 3. Complete luminal obstruc- 
tion of the femoropopliteal or iliofemoral veins was 
seen in four limbs, whereas the remaining 14 limbs 
had partial obstruction. 
DISCUSSION 
It has been shown that hemodynamic deterio- 
ration in venous disease parallels clinical sever- 
ity8'12-14; however, there are no significant hemody- 
namic differences in terms of venous volume, amount 
of reflux, residual volume fraction, and ambulatory 
venous pressure in patients with CVI classes 2 and 
3.14 The location and extent of reflux in patients with 
a different type of CVI symptoms 2~,3s and the distri- 
bution of valvular incompetence in patients with skin 
changes 32and ulceration 28-sl have also been studied. 
Although the contribution of venous incompetence 
in the development ofsymptoms and signs has been 
examined with various hemodynamic tests, s-~~ 
14,31,32 its relation to the location and extent of venous 
reflux, as detected by CFDI, has not been evaluated 
sufficiently. 
The results of this study show that there is a 
strong association between the clinical severity of 
CVI and the site and extent of the hemodynamic 
abnormality. In class 0 only 9.2% of the limbs had 
reflux and that was confined mainly to the superficial 
veins (75%). The age of patients in this class was 
much younger than that in the rest of the classes. This 
is comparable to a previous hemodynamic study in 
which symptom-free patients with no impairment in
venous hemodynamics (refilling time, amount of 
reflux, efficiency of the calf muscle pump, and 
ambulatory venous pressure) had significantly 
younger ages than the patients with symptoms) 4 
The majority of limbs in class 1 had reflux in the 
superficial system (90.3%), as suggested previ- 
ously~; however, 10.3% of the limbs had deep 
venous reflux, and in 6.9% of the limbs reflux was 
absent. Incompetence in two systems (S + P and 
S + D) was seen in 10% of the limbs, whereas there 
were no limbs with three-system (S + P + D) in- 
competence. In this class the incidence of reflux in the 
superficial and the deep systems was significantly 
higher than that of the CVI class 0 (p < 0.0001 and 
p < 0.024, respectively). These results were expected 
because these patients had mild signs and symptoms 
of CVI; however, the high incidence of deep reflux in 
this class was surprising. The high incidence of deep 
venous reflux is because most of these limbs had 
reflux in the popliteal and calf veins, which in the 
majority of cases was isolated in one venous egment 
and thus only duplex scanning could detect such a 
disease. Continuous-wave Doppler echocardiogra- 
phy has been shown to be inaccurate in the popliteal 
fossa 3s'36 area and is hardly used to detect deep reflux 
in the calf veins, where venous anatomy is very 
complex. Because hemodynamic tests with the use of 
tourniquets cannot accurately separate deep from 
superficial reflux, it is unlikely that they will detect 
reflux in isolated eep venous egments. 
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In classes 2 and 3, triple-system incompetence 
(S + P + D) was the most comlnon type, involving 
at least one third of the limbs in each class. Also, 
reflux in the superficial system only was seen in one 
fifth of the limbs in both classes, whereas isolated 
deep or perforator incompetence was rare. The 
number of limbs with combined patterns of reflux 
was evenly distributed in both classes (p = 0.31), 
and it was much higher than in classes 0 and 1 
(p < 0.0001). These results on the anatomic distri- 
bution of reflux parallel the quantitative hemody- 
namic results of a recent study by Welkie et al. 14 mad 
are comparable to previous duplex ultrasound studies 
on the distribution of valvular incompetence in 
patients with skin changes s2 and ulceration. 2s-a~ 
The high prevalence of superficial venous incom- 
petence None in CVI class 1 is suggestive of the 
potential benefits of surgew. The role of superficial 
venous urgery is maintained in CVI classes 2 and 3, 
because venous reflux confined to superficial veins 
None is seen in about 20% of patients. In addition, 
surgery could be beneficial in patients with superficial 
and perforating vein incompetence alone, which is 
ibund in 12% and 19% of the limbs in CVI classes 2 
and 3, respectively. 
Perforating vein incompetence was seen almost 
exclusively in classes 2 and 3. The percentage oflimbs 
involved in class 3 was higher than that of class 2 
(73/120; 60.8% vs 75/155; 48.8%). Also, the 
number of perforating veins in class 3 tended to be 
higher, and this seems to be the only important 
anatomic difference on the distribution of venous 
reflux between these two classes. 
The hemodynamic significance of the incompe- 
tent perforating veins remains a controversial issue. 
In 1988 Bjorda116 stated that the incompetent 
perforating veins do not contribute to venous hyper- 
tension, especially in limbs with superficial reflux 
alone. On the other hand, Moore et al.2 showed that 
the incompetent perforating veins can produce skin 
changes and ulceration. In addition, a recent study 
demonstrated that subfascial endoscopic ligation of 
the medial calf pertbrating veins in patients with 
active (n = 16) or healed venous ulceration 
(n = 22) cured the active ulcers or prevented recur- 
rence in all cases but one, for a mean follow-up of 3.9 
years, a7 Although the role of these veins in the 
development ofsigns and symptoms remains unclear, 
what is certain is that these veins are often associated 
with CVI classes 2 and 3. 26,28,32,37,38 
The role of distal reflux in the development of 
symptoms and signs in patients with CVI has been 
stressed previously, a~176 It is also evident from 
Tables IV and V that distal reflux was present in the 
majori W of limbs in all symptomatic classes) -3Mso, 
the number of incompetent perforating veins in 
classes 2 and 3 was significantly higher in the 
below-knee segment of the limbs than in the above- 
knee segment (202 vs 93). 
According to our results, there was no difference 
in the distribution and extent of reflux between the 
patients of CVI classes 2 and 3. Mso, in a previous 
study the venous hemodynamics were similar in these 
two classes. A possible xplanation for the continuing 
clinical deterioration might reside in the microcircu- 
lation. A reduction in the number and structure of 
capillaries that are dilated and coiled has been shown 
in areas with liposclerotic skin. 4t Sodium fluores- 
cence studies in these areas howed increased leakage 
in the pericapilla W space. 42 Destruction of the 
superficial ymphatic plexus, 4s tissue hypoxia, 4446 
reduced fibrinolytic activity, 47-4v extravasation and 
deposition of fibrin around the capillaries, ~ and 
activation of leukocytes and endothelial cells, which 
leads to degranulation and discharge of proteolytic 
enzymes and release of free radicals that damage the 
capillary wall, ss,s4 have been also demonstrated in 
patients with severe CVI. 
A history, of DVT was seen almost exclusively 
(67/70) in the limbs of CVI classes 2 and 3. This 
shows that DVT may be an important factor for the 
development of signs and symptoms in patients with 
CVI. However, the rest of the limbs in these classes 
(275 - 67 = 208) had no evidence of thrombosis 
and, as has been shown from other studies, DVT may 
not be a prerequisite for the development of skin 
changes and ulceration. 28,2vm Subclinical DVT 
might have been the cause of reflux in a number of 
patients, but because most patients are not screened 
unless they are at high risk and symptom free, 
subclinical DVT remains undetected. Residual ob- 
struction in the limbs with previous DVT was seen 
on i8 occasions, of which on only four was complete 
luminal Obstruction detected. Reflux was present in 
all the limbs with residual obstruction, and thus it is 
difficult o attribute the development ofskin changes 
and ulceration to the obstruction alone. 
Mthough the classification system of CVI used 
was particularly useful and practical in the assessment 
of patients, it was somewhat inadequate for catego- 
rizing the complete range of signs and symptoms 
within these four classes without overlap. For ex- 
ample, patients with varicosities and ache are not 
symptom free and do not necessarily belong in class 
1. Mso, cases of edema without skin changes or 
varicose veins, caused by deep vein reflux or chronic 
venous obstruction, do not fit in any of the classes of 
this system. On the other hand, class 3 contains 
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patients with preulcerative skin changes and those 
with healed or current ulceration. In that respect an 
individual with long saphenous vein incompetence 
alone whose ulcer is completely healed after surgical 
intervention still belongs to class 3 and thus can never 
be improved in terms of category with this classifi- 
cation. Recently, an update of the old classification 
was introduced, ss overcoming the above-mentioned 
weaknesses. However, because the study had started 
long before this update was published, conversion of 
the data to the new system was not feasible. 
Hemodynamic deterioration in CVI is strongly 
associated with the distribution of reflux through 
class 2. There are no differences in the distribution 
and extent of superficial or deep reflux in classes 2 and 
3; however, perforating vein incompetence t nds to 
be higher in class 3. Distal reflux is present in the 
majority of the limbs in all symptomatic lasses >3 and 
appears to be the most important element for the 
development of signs and symptoms. DVT may not 
be an important factor for the development of skin 
changes and ulceration in about 75% of patients with 
CVI classes 2 and 3. The high incidence of superficial 
reflux with or without perforating vein incompetence 
in patients with skin changes or ulceration suggests 
that at least one third of the patients could benefit 
from superficial venous surgery. 
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